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© Method of treating a ferrous component for subsequent metallurgical bonding to cast aluminum. 



© The present invention concerns a method of 
treating a ferrous component, such as a cast iron 
cylinder liner, for subsequent metallurgical bonding 
to cast aluminum, such as an engine block. Initially, 
the cast iron cylinder liner is cleaned of grease, oil, 
and oxides, and is then immersed in a bath of 
molten aluminum at a temperature in the range of 
1100-1500° F, for a time period sufficient to form an 
Fe-AI intermetallic compound layer adjacent the sur- 
face thereof. As the cylinder liner is removed from 
the aluminum bath, a thin molten aluminum coating 
will cover the liner, and an aluminum oxide film 
immediately begins to form thereon. In accordance 
with the present invention, immediately after the liner 
is removed from the aluminum bath, and while the 



aluminum coating on the liner remains molten, the 
liner is quenched in a zinc alloy bath at a tempera- 
ture in the range of 720-1000* F. When the liner is 
immersed in the zinc alloy bath, the aluminum oxide 
film on the surface of the moiten aluminum coating 
will wash away and float to the surface, thereby 
leaving a protective zinc coating on the liner which 
prevents the formation of any further oxides. The 
zinc coating will remain on the liner until the alu- 
minum casting operation, at which, time the zinc will 
wash away and alloy with the cast aluminum, there- 
by ensuring a metallurgical bond between the liner 
and the casting. 
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METHOD OF TREATING A FERROUS COMPONENT FOR SUBSEQUENT METALLURGICAL BONDING TO 

CAST ALUMINUM 



BACKGROUND OF THE INVENTION 



The present invention relates generally to a 
method of casting aluminum to a ferrous compo- 
nent and, in particular, to a method of treating a 
cast iron component for subsequent metallurgical 
bonding to cast aluminum. 

It is well known that, prior to casting a light 
metal such as aluminum to a ferrous component 
such as cast iron, it is necessary to form what is 
known as "Fe x -Al y intermetallic compound" layer 
(hereinafter Fe-AI layer) adjacent the surface of the 
ferrous component in order to achieve a metallur- 
gical bond between the ferrous component and the 
aluminum casting. This Fe-AI intermetallic com- 
pound layer is typically formed by first removing 
any surface contaminants such as oxides from the 
ferrous component, and then immersing the com- 
ponent in a bath of molten aluminum at a tempera- 
ture in the range of 1300-1500* F. While the fer- 
rous component is in the aluminum bath, a chemi- 
cal reaction takes place and forms the Fe-AI layer 
(approximately 40% Fe and 60% Al) at the inter- 
face of the molten aluminum and the ferrous com- 
ponent. After a predetermined time sufficient to 
form the Fe - Al intermetallic compound layer, the 
ferrous component is removed from the aluminum 
bath, placed in a mold, and aluminum is poured 
over the ferrous component as quickly as possible. 

When the ferrous component is removed from 
the aluminum bath, the molten aluminum coating 
thereon is exposed to the atmosphere, an alu- 
minum oxide film immediately begins to form on 
the outer surface of the coating. The molten alu- 
minum coating will quickly solidify with an oxide 
film thereon. Therefore the time between when the 
ferrous part is removed from the molten aluminum 
bath and molten aluminum is cast over the ferrous 
part must be kept to a minimum. 

The above described method is known as the 
n AI-Fin n process. According to the Al-Fin process, 
immediately after the ferrous component is re- 
moved from the molten aluminum bath which forms 
the Fe-AI intermetallic compound layer, the ferrous 
component is placed in the casting mold and mol- 
ten aluminum is introduced therein to form the 
casting. As the molten cast aluminum contacts the 
ferrous component, the oxide film, which is floating 
on the molten aluminum coating of the ferrous 
component, will wash away, thereby permitting a 
metallurgical bond to form between the component 
and the casting. 

While the above described Al-Fin process can 



be effectively used in many casting operations, 
there are also many casting operations which can- 
not effectively use this process. This is because, in 
order to use the Al-Fin process, it is necessary that 
5 the ferrous component be removed from the alu- 
minum bath, positioned in the casting mold, and 
have molten cast aluminum introduced therein be- 
fore the molten aluminum coating having the oxide 
film thereon solidifies. Once this coating begins to 
10 solidify, the molten cast aluminum will not wash 
away the oxide film and a metallurgical bond can- 
not be obtained. From a practical standpoint, only 
ferrous components which have relatively thick 
walled sections to prevent rapid cooling, and will 
75 retain the aluminum coating thereon in a molten 
state for at least 10 to 17 seconds after removal 
from the aluminum bath, can be used with the Al- 
Fin process. 

For relatively thin walled ferrous components, it 
20 has been necessary to resort to an oxide cleaning 
operation prior to casting or molding. In these 
situations, before the ferrous component is cast in 
aluminum, the oxide coating must be removed 
therefrom. As the oxide coating is removed, the 
25 part is coated or "tinned" with a zinc alloy which 
prevents further oxidation. Thereafter, when alu- 
minum is cast around the preheated part, the mol- 
ten cast aluminum will wash away the zinc, and a 
metallurgical bond is formed between the ferrous 
30 component and the cast aluminum. 

Heretofore, the aluminum oxide coating has 
been removed by either wire brushing or chemical 
fluxing while heating the components and simulta- 
neously tinning with zinc, or by ultrasonically clean- 
35 ing the component in a zinc alloy bath. However, 
ail of these methods are very labor intensive, and 
not necessarily effective in completely removing ail 
the aluminum oxide. While the outside surface of 
the zinc applied in the treatment contains a thin 
40 oxide film, the oxide film is quickly removed during 
the casting process by the washing actions created 
by the high temperature molten aluminum. 



SUMMARY OF THE INVENTION 



The present invention concerns a unique pro- 
cess of treating a ferrous component of any section 
size, prior to subsequent metallurgical bonding to 
cast aluminum, which eliminates the step of sepa- 
rately cleaning the aluminum oxide from the sur- 
face of a ferrous component having an Fe-AI inter- 
metallic compound layer formed thereon. In accor- 
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dance with the present invention, when the ferrous 
component is removed from the aluminum bath 
which forms the Fe-AI intermetallic compound lay- 
er, the ferrous component is immediately im- 
mersed and "quenched" in a zinc alloy bath at a 
lower temperature than the aluminum bath. Since 
the thin aluminum coating which has formed on the 
component is still molten when the component is 
inserted into the zinc alloy bath, the aluminum 
oxide film which has formed on the surface thereof 
will be washed away, and a protective zinc coating 
will be formed thereon. The oxide protection given 
by the zinc coating allows the treated ferrous part 
to be cooled to ambient conditions prior to molding 
or casting if needed. 

In the preferred embodiment, the method is 
used to treat a cast iron cylinder liner for subse- 
quent metallurgical bonding to a cast aluminum 
engine block. Initially, the cast iron cylinder liner is 
cleaned of grease, oil, and oxides, and is then 
rapidly immersed (to prevent iron oxidation) in a 
bath of molten aluminum at a temperature in the 
range of 1300-1 450 *F, for a time period sufficient 
to form an Fe-AI intermetallic compound layer adja- 
cent the surface thereof. As the cylinder liner is 
removed from the aluminum bath, a thin molten 
aluminum coating will cover the liner, and an alu- 
minum oxide film immediately begins to form 
thereon. In accordance with the present invention, 
immediately after the liner is removed from the 
aluminum bath, and while the aluminum coating on 
the liner remains molten, the liner is quenched in a 
zinc alloy bath at a temperature in the range of 
720-1 000 *F. When the liner is immersed in the 
zinc alloy bath, the aluminum oxide film on the 
surface of the molten aluminum coating will wash 
away and float to the surface, thereby leaving a 
protective zinc coating on the liner which prevents 
the formation of any further aluminum oxides. The 
zinc coating will remain on the liner until the alu- 
minum casting operation, at which time the zinc will 
wash away and alloy with the cast aluminum, there- 
by ensuring a metallurgical bond between the liner 
and the casting. 

The method of the present has proved to be 
highly effective in those instances wherein the well 
known Al-Fin process cannot be used. Moreover, 
even if the Al-Fin process can be used, the present 
method is advantageous when it is not practical or 
convenient to immediately cast the aluminum after 
removing the iron part from the aluminum bath. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a fragmentary sectional view through a 
ferrous component, such as a cylinder, treated 



in accordance with the method of the present 
invention; and 

FIG. 2 is a sectional view of a combustion bowl 
insert which can be treated according to the 
5 method of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

10 

The method of the present invention has been 
effective in treating cast iron cylinder liners which 
are to be subsequently bonded to a cast aluminum 
engine block. More specifically, in one example, a 

T5 cylinder liner having an outside diameter of ap- 
proximately 3 2 inches, a length of approximately 52 
inches, and a wall thickness of approximately 1/8 of 
an inch is machined from centrifugally or static cast 
grey iron. Thereafter, the cylinder liner is cleaned 

20 in a conventional known manner to remove any 
surface contaminants such as silica inclusions, dirt, 
grease, and oil, and also to remove any oxides 
from the surface. Next, the cylinder liner is rapidly 
immersed in a bath of molten aluminum at a tern- 

25 perature in the range of 1 100 - 1500* F, and prefer- 
ably in the range of 1350 -1400* F. The aluminum 
can be SAE 319 or other castabie aluminum alloys. 
The cylinder liner is then left in the aluminum bath 
for a sufficient time to bring the cylinder liner up to 

30 the temperature of the bath, at which time a chemi- 
cal reaction takes place to form the Fe-AI inter- 
metallic compound layer, which is generally no 
more than about .0005" thick. The specific length 
of time that the ferrous component is left in the 

35 aluminum bath will vary depending on the overall 
size and thickness of the component and the vol- 
ume of the aluminum bath since, before the Fe-AI 
intermetallic layer can be formed, the component 
must be brought to the required temperature range. 

40 With a cylinder liner having the dimensions as set 
forth above, and art 800 pound bath of aluminum, a 
time of approximately 1J to 2 minutes has proved 
satisfactory. 

The cylinder liner, having a thin molten alu- 
45 minum coating thereon, is then removed from the 
aluminum bath. Instantly, an aluminum oxide film 
begins to form as the outside air contacts the 
outside surface of the molten aluminum coating. In 
accordance with the present invention, the cylinder 
so liner, while still hot from the aluminum bath such 
that the aluminum coating remains molten, is im- 
mersed and quenched in a molten zinc alloy bath 
at a temperature in the range of 720 - 1000* F, and 
preferably at approximately 800 # F. As long as the 
55 liner is sufficiently hot, the aluminum coating below 
the oxide film will remain molten, and the oxide film 
will thus "float" on the aluminum coating. When the 
liner is immersed into the zinc alloy bath, due to 
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the greater specific gravity of the molten zinc, the 
oxide film will be washed away from the compo- 
nent and will float to the surface of the zinc bath, 
where it can be skimmed off. When the component 
is removed from the zinc bath, a protective coating 
of zinc will be formed around the sleeve. Thus, with 
the present invention, the need for removing the 
aluminum oxide is eliminated. 

While it is possible to utilize a pure zinc bath to 
strip the aluminum oxide layer, the present inven- 
tion preferably uses a zinc alloy, as noted above, 
since the added alloy typically lowers the melting 
temperature of the bath. The zinc alloy bath can 
consist of approximately 60-100% zinc by weight 
and 0-40% aluminum by weight. Preferably, the 
zinc alloy consists of 95% zinc and 5% aluminum. 
It should be noted that other metals, such as cad- 
mium or lead, for example, could be alloyed with 
zinc, either alone or in combination with aluminum. 

In the event the cylinder liner is to be soon 
cast into an engine block, the liner can remain in 
the zinc bath, which will maintain the temperature 
of the liner at an elevated level suitable for the 
casting operation. Otherwise, the liner can be re- 
moved from the zinc bath and stored until ready for 
use. At that time, the liner can be preheated to a 
temperature in the range of 500 - 800° F by means 
of either induction heat or a furnace. The preheated 
liner can then be positioned within the casting 
mold, and molten aluminum can be introduced into 
the mold to form the engine block. As the molten 
aluminum contacts the zinc-coated liner, the zinc 
coating is alloyed and washed away, thereby en- 
suring a good bond between molten aluminum 
casting and the aluminum coating which was un- 
derneath the zinc coating. Examples of cast alu- 
minum alloys which can be used to form the en- 
gine block include SAE 319, 356, or 390. 

While the above method has been described 
for use in connection with preparing cast iron cyl- 
inder liners for subsequent casting into an alu- 
minum engine block, it will be appreciated that the 
method can be used whenever it is desired to 
obtain a metallurgical bond when casting aluminum 
around a ferrous component For example, piston 
ring inserts and combustion bowl inserts construct- 
ed of low chromium austenitic gray iron known as 
Ni-Resist, can be treated for subsequent casting to 
aluminum. It should also be noted that it is not 
necessary that the ferrous component be cast iron 
since, in some instances, it may be desirable to 
use steel or powdered metal. 

FIG. 1 represents a cross-sectional view 
through a ferrous component 10 which has been 
treated in accordance with the method of the 
present invention. In FIG 1 , the ferrous component 
10, after it has been placed in the hot aluminum 
bath has an Fe-AI layer 12 formed adjacent the 



outside surface of the component 10. An aluminum 
coating 14 of relatively uniform thickness covers 
the Fe-AL layer 12. A zinc alloy coating 16 of 
relativity uniform thickness covers the aluminum 

5 coating. When treated according to the described 
method, both the aluminum and zinc coatings will 
have relatively uniform thicknesses about the entire 
peripherial surface of the ferrous component. In the 
prior art "tinning" process, the aluminum and zinc 

70 alloy layers were not of uniform thickness. 

It should be noted that the thicknesses of the 
layer 12 and the coatings 14 and 16 are exag- 
gerated in FIG. 1, and not necessarily in the correct 
proportions to one another. Typically, the layer 12 

rs will be approximately .0005 inches, the aluminum 
coating 14 will be .001 -.004 inches, while the zinc 
alloy coating 16 will be .001 -.003 inches. 

An example of one type of ferrous components 
which can be treated with the present invention is a 

20 combustion bowl insert, generally represented in 
FIG. 2 by reference numeral 20. The insert 20, 
which can be constructed of a ferrous component 
such as Ni-Resist and treated in a manner as 
herein described, can be cast into an aluminum 

25 piston, shown in FIG. 2 at 22. The insert 20 is 
provided with a high strength cavity 24 for receiv- 
ing expanding combustion gases during the power 
stroke of the associated engine. In some instances, 
depending on the diameter of the associated pis- 

30 ton, it may be desirable to form a combustion bowl 
insert and a piston ring insert (shown at 26) as a 
single component to be cast in the piston, as 
shown in FIG. 2. 

The method of the present invention has been 

35 described in its preferred embodiment. However, 
as noted above, variations to the preferred method 
are possible without departing from the spirit, or 
scope of the attached claims. 

40 

Claims 

1. A method of treating a ferrous member for 
subsequent metallurgical bonding to an aluminum 
45 casting member comprising the steps of: 

(a) immersing the ferrous member in a bath of 
molten aluminum at a first predetermined tem- 
perature and for a sufficient time to form an Fe - 
Al intermetallic compound layer adjacent the 

50 surface thereof; 

(b) removing the ferrous member from the mol- 
ten aluminum bath such that an aluminum oxide 
film is formed on the surface of a molten alu- 
minum coating covering the ferrous member; 

55 (c) maintaining the aluminum coating on the 
ferrous member in a molten state; and 
(d) immediately subsequent to step (c), immers- 
ing the ferrous member in a bath of molten zinc 
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alloy at a second predetermined temperature 
less than the first predetermined temperature to 
quench the ferrous member, strip the aluminum 
oxide film from the molten aluminum coating, 
and form a protective zinc alloy coating thereon. 5 

2. The method according to claim 1 wherein said 
ferrous member is cast iron. 

3. The method according to claim 1 wherein said 
ferrous member is steel. 

4. The method according to claim 1 wherein said to 
ferrous member is powdered metal. 

5. The method according to claim 1 wherein said 
first predetermined temperature is in the range of 
1100 -1500* F. 

6. The method according to claim 1 wherein said 15 
first predetermined temperature is in the range of 
1350 -1400°F. 

7. The method according to claim 1 wherein said 
zinc alloy includes aluminum in the range of 0 - 
40% by weight. 20 

8. The method according to claim 1 wherein said 
zinc alloy includes approximately 95% zinc by 
weight and approximately 5% aluminum by weight. 

9. The method according to claim 8 wherein said 
second predetermined temperature is in the range 25 
of 720 -1000" F. 

10. The method according to claim 1 and further 
including the steps of: 

(e) placing the ferrous member having the pro- 
tective zinc coating thereon in an aluminum 30 
casting mold; and 

(f) introducing molten aluminum into the casting 
mold. 

35 
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